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U.S. energy consumption by source and sector, 2021
quadrillion British thermal units (Btu)

source® end-use sector®

percentage of sources

percentage of sectors

68%
25%

3%

o

industnial
259
(35%)

residential
11.6 (16%)

commercial
9.1 (12%)

total = 73.5
quadrillion Btu

renewable energy
122 (12%)

coal
10.5 (11%)

electric power sector®

8.1 (8%) - electricity retail sales

total = 97.3 Lo il
quadrillion Btu

elecirical system
energy losses

23 8 (65%)

total = 36.7 quadrillion Btu
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Global primary energy consumption by source.

(terrawatt-hours)
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Chart 1
The first era of globalization

As steam locomotives and steamships slashed transportation costs in the 19t
century, world trade increased while inflation of the Great Famine eased.

World trade in goods Consumer price inflation proxy
(as a percent of GDP ) (UK consumer price inflation in percent)
15.0 75
125 5.0
10.0 25 ﬂ

75 0.0

5.0 -2.5

25 -5.0

0.0 -7.5
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Source: Catao, Luis A. V., and Maurice Obstfeld. 2019. Introduction to Meeting
Globalization’s challenges: Policies to Make Trade Work for All, edited by Catao and
Obstfeld. Princeton, NJ: Princeton University Press; Bank of England, A Millennium of
Economic Data dataset (to 2016.
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Chart 2

Globalization and inflation

Following the inflationary surge set off by the 1970s oil shocks, new container
shipping technology helped spur renewed expansion of world trade while
consumer price increases slowed dramatically.

World trade in goods Consumer price inflation proxy

(as a percent of GDP) (UK consumer price inflation in percent)
25 25
20 20
15 15
10 10

5 5

0 0

1970 1985 2000 2015 1970 1985 2000 2015

Source: Catao, Luis A. V., and Maurice Obstfeld. 2019. Introduction to Meeting

Globalization’s challenges: Policies to Make Trade Work for All, edited by Catao and
Obstfeld. Princeton, NJ: Princeton University Press; Bank of England, A Millennium of

Economic Data dataset (to 2016); and IMF, World Economic Outlook database.
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5.7% HYALE —~ thermal2 28 | 3.4% |0.8% 27.1%
Non-renewable Renewabdle Non-renewable Renewable
electricity energy electricity energy
7.0% 3.1%
Modern bioenergy Biofuels
1.1%
L Solar thermal and 0.3% Renewable
Renewable electricity geothermal heat Renewable electricity electricity

Note: Data should not be compared with previous years becausc of revisions due 1o mproved or adiusted methodology.
Source: Based on IEA data See endnote 61 for this chapter
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Global Upstream investment starting to recover in 2021 (+8%)
after a 24% drop in 2020 due to the pandemic

Global E&P Spending -
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Source: Barclays, S&P Global Platts (grossed up to account for companies not reporting)
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130 Installed capital cost for large four-hour battery energy storage system
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The Gas Pipelines Linking
Russia and Europe

Major Russian-European natural gas pipelines and

theoretical capacities (in billion cubic meters per annum)

Yamal
33 bcmpa

Nord Stream 1 & 2
(55 bcmpa each)

/ Via Ukraine
40 bcmpa
Under =
construction 2

-'d Blue Stream
TurkStream 16 bcmpa
31.5 bcmpa

== Completed

Ukraine: actual 2021 flow
Source: JPMorgan via The Economist

@®OG

statista %s

F D A Quarterly Publication of the International Monetary Fund
. December 2022 | Volume 59 | Number 4
Turning off the taps

Russian gas flows to Europe were already declining before the invasion of Ukraine.
(EU pipeline gas supplies from Russia by route, million cubic meters a day)

300 1 Ukraine
M Belarus
Turk.Stream .
400 M Baltics and Finland

M Nord Stream 1

300 A

200

,LMM J

100

0
Jan. 2021 Aug. 2021 Mar. 2022 0ct.2022 13
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7 March 22:
Russia threatens Nord Stream supply cuts and

20 Nord Stream sypply cuts "structural uncertainty”
21 Dec 21; .
YAMAL drops to 0

+cold spell

S

150

24 Feb 22:
Russia invades

Ukraine \

€/MWh

100

ZEX: The Guardian(22.06.02)
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When Putin invaded Ukraine in February, Germany faced a particular
problem, Its rejection of nuclear power and its transition away from coal
meant that Germany had very few alternatives to Russian gas, Berlin has
been forced to accept that it was a cataclysmic error to have madeitself
50 dependent on Russian energy - whatever the motives behind 1t The
{oreign minister, Annalena Baerbock, says Germany failed to isten to the

Warnings from countries that had once suffered under Russia’

occupation, such as Poland and the Baltic states, For Norbert Rottgen,

former environment minister and member of Angela Merkel's Christian
Democrat Union (CDU), the German government bowed to industry
forces pressing for cheap gas “alltoo easily”, while “completely ignoring

the geopoltical risks”,

ZX: Brookings(22.06.07)
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Energy markets

Russia’s invasion of
Ukraine is reshaping
the energy world

Short-term responses have
focused on securing available
supply and protecting consumers,
but many governments in the US,
EU and elsewhere have adopted
new policies that give a major
boost to investments in clean
energy and efficiency.

Energy trade

High fossil fuel prices are

stoking inflationary pressures;

. the combination of falling real
incomes and rising prices is

creating a looming risk of

global recession.

World Energy
Outlook

2022

High and volatile energy prices are
hurting households and businesses,
shifting the choice of fuels and setting
back progress towards achieving
universal access to energy.

Energy policy

European sanctions on coal and
oil imports and Gazprom’s
decisions to cut gas supply are
triggering a profound reshuffling
of trade flows around the world.

Economic impacts

16
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® Inflation-targeting & A|$H 1990'F O|F 2 MZEIZ0|M = QAE 2 o|MHo| EX| 7 =X %S
= +2% 9IE20|M — B E forward guidance —» 2 & 2 S50 SH &
= 214 "Hf'da o|g] 2IE280|M Z&(9.1%('22.07) — trending down 6.5%('22.12)
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CHARTI NG U_s_ IN FLATION OVER 1 00 YEARS Three Years That Transformed US Inflation

Initially driven by goods and energy, services and food are now chief drivers
Annual Inflation Rate*

- Core CPI, YoY M Core Services M Core Goods M Food Energy
0

10%
1944 mmn 2021
During WWII, the As inflation escalates, Demand strengthens as
Bretton Woods system is U.S. President Nixon the U.S. emerges out of
established, pegging the abandons the Bretton the pandemic. Inflation
U.S. dollar to gold. Woods system. levels see their sharpest
jump since 2009.

. l
a
1979 O —— o
Federal Reserve Chair aup =
Paul Volcker introduces
bold anti-inflationary
measures as inflation

surpasses 13% annually. {Advisor Jan Jan

CHANNEL

Prices spiked during war years and 2021 2022
1920s | periods of deflation followed.
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e 0| Fed?| 24t F2|(federal fund rate) 214t
( 2

A Positive Real Fed Policy Rate

M Inflation-adjusted federal funds rate

= QIS0 (1) H[E 2l 2I=80[M, 2) =272
el1=2 0|
» go| 2 23k =237 AN - 7|0 ¢l=2o|M
Six| - AH Q= oM AR — XISE It st
7| CH
= Pivot 7|CH: rate hike O|F recession 7tsd YA,
Dl% %Ql-xc-)lx_ll-lgl I:IlA-”—;F—IC-)I 7|—%g? Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec
— o 2021 2022
" Dl% Jgil- AEIIE'%E|:1%’ o‘—:lXH (_) AEIXEIEILE' _)r__i_’ E Sources: Federal Reserve, Bureau of Economic Analysis
Xl- AEIXEI %El7|— %‘-O'—Xl__ll_ 9}'\% Compares upper bound of Fed's policy rate target and core PCE price index

FRED ;\”/:j// — Federal Funds Effective Rate |

— Consumer Price Index for All Urban Consumers: All ltems in U.S. City Average
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A hiring boom has helped US wages catch up with prices. Most economists

® I:II % J_'—%A II-% o:lﬁ-al _CT;_-T'— Jobs, Wages and Inflation
A say a cooler labor market is needed to bring inflation down in 2023

. Dl% Ql—l-x'—-l:l—g_ OI- H()\E“'):'-Ig 3.4%) W Unemployment rate W Forecast .~ Year-on-year wage growth Inflation
- desg I ASH U4, AP 28 57
= J2{L} Job growing disinflation &27ts '!" B
= Cooler labor market &7} I I I j
= Big tech & Finance sf{ 11 A%} I o
« MHAY S Q174H| AL 7| ol A|E 2oz 2055

Source: Bureau of Labor Statistics, Atlanta Fed Wage Tracker, Bloomberg Bloomberg
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— Unemployment Rate
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Average monthly electricity wholesale prices in selected countries in the European

Union (EU) from January 2020 to December 2022

600
500

400
300

200

Average price in euros per I]’]E‘(jﬂWdt’[—hOLll‘

100
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9= [taly =@= Greece Hungary =@= Germany =#= France Sweden == Switzerland

o &2 ¥, 712 714 F5 & oHX| LAY
= €1 trillion 0|4 X| 22+

= GDP L{{H| ©f 1.8% Old= O|HX|7tH Ex=E
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Expensive intervention

The fiscal costs of protecting Europe’s households from higher energy bills are
large, especially expensive untargeted measures that account for more than half.
(2022/23 fiscal costs of household support measures, percent of GDP, median across European countries)

Untargeted/distortionary

Targeted/
non-distortionary

Untargeted/
non-distortionary

Targeted/
Distortionary

T T T 1

0.0 0.5 1.0 1.5 2.0

Source: IMF calculations based on official announcements.
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Downside risks to public finances have risen further as fragmentation concerns
resurface amid energy price support and a slowing economy

F

0

a) Distribution of headline budget balances b) Ten-year government bond yields and
across euro area countries changes in sovereign spreads over Germrmany
(2019-24E, percentages of GDP) (percentages, basis points)
Euro area median @® Pre-TPlannouncement (24 Feb.-21 Jul. 2022)
== Country interquartile range Post-TPI announcement {21 Jul.-8 MNowv. 2022)
4 100
=
= LT @
2 = 80 ITe
<
=)
o T - T T = B0 Sk® v o .
=>
2 S 10 mT GCR®
- = Sle ® GR
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= FI®BE  FR .1
-6 =
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<
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Ten-year sovereign bond yvields

Sources: IMF (Fiscal Monitor), Refinitiv and ECB calculations.
Notes: Panel a: figures for 2022-24 are projections. Panel b: ten-year sovereign bond yields are shown as at the last

Debt Costs and Energy Support Drive UK Borrowing

M UK budget deficit (cumulative total) / 2022-23 forecast
/7 2021-22 outturn

£180B
160
140
120
100
80
60
40
20

Energy
subsidies

begin

Al
Apr Jun Aug Oct Dec Feb
2022 2023

Source: Office for National Statistics, Office for Budget Responsibility
Note: OBR forecasts published in November; deficit forecast at 71% of GDP in
2022-23

Uneven Aid
Approved EU emergency state aid linked to the 2022 energy crisis

B Approved emergency state aid

Germany _ €356.0 billion
France [N 1610
italy [ 47.0
others || 108.0

day in the reference pericd. EUROPEAN CENTRAL BANK [ZENEE RS e NG MmN = ] o v v
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Powering up

Enerqy use varies: the average person in some countries consumes as much as 100 times more than the average person in some of the poorest countries. e
(energy use per person, 2021, kilowatt-hours)
5,000
200,000 ¢ 4000
2
E
50,000 £ 3,000
e
Q
-
L
0000 2 2000
[]
Qo
2,000 1000
0
No data 0
. ; Northem  Sourh Central .
Asia Africa Europe : : , Oceania
X America  America  America
Sources: Our World in Data based on the BP Statistical Review of World Energy; and the Shift Project’s data portal. B 2022 M2100%

Note: The map shows primary energy consumption per capita, The boundaries, colors, denominations, and any other information shown on the map do not imply, on
the part of the IMF, any judgment on the legal status of any territory or any endorsement or acceptance of such boundaries. Sourc: Uited Nations 24
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Power Emissions Bounced in the EU Last Year
But CO2 from electricity is still down from 2012 and set to fall this
vear
~ Power-sector emissions

1,200Mt CO2
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o UAIZXU|X ZM(Environmental Kuznets Curve, EKC)
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3. Low Carbon Economy is bumpy but keep going

BUMPS IN THE

< (5 Y
TRANSITION |-

Despite a growing global consensus, obstacles to reducing net carbon emissions to zero are stark

DANIEL (20 Sijors

e [he return of energy security as a prime requirement for

‘ ‘ The objective of this countries

transition is Not just to EFAZ=Zl &= | e Lack of consensus on how fast the transition should and

bring on new energy can take place, in part because of its potential economic

sources, but to entirely disruptions

change the energy :'_HL7|'I7—|' %%% e A sharpening divide between advanced and developing

foundations of what countries on priorities in the transition

today is a S100 trillion 2= X253 [« Obstacles to expanding mining and building supply

glo bal economy. chains for the minerals needed for the net-zero objective

28



3. Low Carbon Economy Investment f#
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Net Zero Requires Vast Amounts of Global Capital
Clean energy investment worldwide must triple by 2030

$5 trillion Average annual
global investment
54 needed to meet
netzero by 2050
23 —— End-use
$2
— | et
$1 infrastructure
| — —— Energy generation
>0 = Low-emission fuels
2016-2020 2030 2050
Source: |[EA IEEFA

Solar Is Set for Strong Growth
Europe’s new solar capacity, in gigawatts

B BloombergNEF estimates
100

2016 2018 2020 2022 2024 2026 2028 2030

Doubling This Year

Annual energy storage capacity additions

250,000 megawatt-hours

200,000

150,000

100,000

50,000

0

T T T
2010 12 14 16 18 '20 22 ‘24 '26 '28 2030

29



3. Low Carbon Economy is off the planned track
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Renewable 31%
Carbon Removal: 33%

Demand Reduction: 48%

20304 7|& 55 2
20508 =2 o =7t
CCS, DAC 7|= S0| &

&2t L0k 27ts

Thereisa ] gap between proposed levels of carbon dioxide removal and what is needed to meet the
Paris temperature goal

Carbon dioxide removal (GtCO2/yr), proposed levels compared to three Paris-relevant scenarios in 2030 and 2050

2030

2050
GtCO2/ focus on focus on focus on focus on focus on focus on
2/yr renewables carbonremovals  demand reduction renewables carbon removals  demand reduction
54 3.9 3.5 7.6 9.8 47
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c
z
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= N
5 -3 o
N
o
R
o g
%)
Closing the gap requires
-3 scaling up carbon dioxide
removal, particularly rapidly
in the next decade
_6 -
_7 |
-8
-9
) 1he State of Carbon Dioxide Removal

6'C ‘s91393e43s waa3-3uo)
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3. QXS S I'EHAA

o 7, HAUNL, FSXHHE ST ST 22 St & SEEL 271 T8

= demand effect>supply effect — OPEC+2| ZAAAHLH 0| M YE data HEH =
» 77t= OPECZ} 2{A[0re| X H | O? S8R50 O/= vs OPEC+2| 2522 BlX|= 24
« O/=2 0|0] |72 OPEC [EE & XHHLE A5 /77t 22 | 2l0] ot

= HA[Of, =, Ql&, AFRL|(?) vs O|=, M & 2 IET0] OfLHXA[Ze] 22tz 5

Supply, Demand, and a $10 Rise in the Oil Price US Crude Oil Imports by Country of Origin, 1973-2020
Despite the OPEC+ excitement, demand concerns may be more important Most US crude comes from Canada

Brent Crude ($) H Saudi Arabia B Venezuela Irag M Other OPEC Countries Canada Mexico
M Russia Other Non-OPEC Countries
15K

Unemployment
Data

Mon Tue Fri
Oct 3 Oct 4 Oct7

1973 1980 2000 2020

Source: Bloomberg

Bloomberg Source: Department of Energy, thousand barrels per day



3. Dollar index & 22H £ HH|=/GDP

o 27Xt 2REH FHH|Z /2 2EH GDP2 g9o| &4
= UKV &2 I IN RE2 44T HEH7HX| 7} SteflofF x| 20| 2|E
= 0849 2897 0| 22Y FHH|S/GDP= of=HIfH, H2{Z M= 198530|=F 223 X117 O|= SI=EF
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Q72000 = 100 Q12000 = 17.2% T 2020 = 100
110

120 19

110 18 100

Feb 2002
100 17 90
\v
90 16 80
80 | | | | | | | 15

2001 2004 2007 2010 2013 2016 2019 202 Ltrrrvco boorooeo bocroooeo bocrcoren by 70

1990 2000 2010 2020
Lhs: Rhs:

— Nominal broad dollar index' === World goods exports (volume) / GDP (at constant prices)’ === Real USD index Hyun Song shin, BIS, BOK-KCCI conference 33



3. US only

. . Markets Pricing In Rate Cuts by Late 2023
[ DI % & frlendly'Shorlng Wall Street is looking for Fed to blink in face of slower growth and inflation

» =2 O|A2 23 AMHET|E X|LIOF AH™H=E 2 H / Implied Rate from Fed Funds Futures
— PivotO| 2 Mi7HX| 2228 8=
= |RA(Inflation Reduction Act) — Of|HX| & M= Xt
= A a6
o= HiA| S =it EfE, ™I[Xepo| 2t of
|

o= 5.0%

4.8

4.4
4.2
T T T T T
Dec Apr Jul Oct Jan
2022 2023 2024
Source: Bloomberg's implied rate path according to fed funds futures Bloomberg

Increase domestic raw material availability Am eri ca, S St rategy to

Expand domestic manufacturing capabilities

Invest and support the formation of diverse and Secu re the S u pply Ch ai n

reliable foreign supply chains to meet global

climate ambitions for a RObUSt Clean

Increase the adoption and deployment of clean

Snerey Energy Transition

Improve end-of-life waste management

Attract and support a s!«:illed U.S. workforce for
the clean energy transition U.S. Department of Energy Response to Executive

Au?(rnent supply chain knowledge and decision- Order 14017, “America’s Supply Chains”
making




3. EU ¢j|0{ &

2 (HEo X =, LNG CHAl)

® EUS| LNG Z 2 X E =Xl
« 1/202X} X1 80%(01| = 40% Z1)

g 1060 %§(15o A, 1405 2/mwh 7|F)

= FUE MO 217H LNG ZTZ2HE HE

5 EUI7+01I 73t FSRU =X &=t

= 2F 128bcm/y SHHSHO] 2{A|OF S &F CHA

= =23 ING 32 FF oot H H7|3 754

Since the beginning of the war, there are at least 21 projects
that either appeared or were re-launched / accelerated,

for a total of 128 bcm
Overview of potential projects — Europe

@ B 5runshiittel LNG terminal
+8 bcm/year

Total: +128 bcm/y

+ =
Finland and Estonia FSRU
+3.1 bcm/year

Tallinn LNG terminal
+4 bcm/year

Stade (HEH) LNG Terminal
+12 becm/year

] —_—
Wilhelmshaven Terminal Paldiski FSRU
+16-20 bcm/year e +2.5 bem/year

=

Krk LNG Terminal expansion
+4.4 bcm/year

- Non-EU
Vlora LNG-to-Power
No information on capacity

E + 4 FSRUs, ~25 bcm/year

New projects, announced in March 2022
—

—
Eemshaven FSRU Terminal
+8 bem/year

Le Havre FSRU Terminal /.

+4.2 bem/year

[l

Thrace FSRU Terminal
+5.5 bem/year

—  —©

Gioia Tauro LNG Terminal
+12 becm/year

i

2 additional FSRU Terminals

@ Location to be defined
+10 becm/year

ﬁ CONSULTING

Argo (Volos) FSRU Terminal
+5.2 bem/year

Adriatic LNG Expansion
+0.5 becm/year

/‘

Porto Empedocle LNG Terminal
+8 bem/year
EU Member State

A LNG terminal (expansion) ’ LNG terminal (onshore) . LNG terminal (FSRU)

Wind and solar generated 22% of electricity in 2022, EMB=R
overtaking gas for the first time

Share of electricity generation by source in the EU

40%
Hydro and
30 V\_\ nuclear
—_— Wind and
20 solar
‘M Gas
10 Coal
Other
0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Track Annotate Zox

O Reset

om

Sky-High Prices

European gas prices are far
higher than all years, bar 2022

. TTFGIMON Index (Last Price) 2023
N 2021
2020
W 2019
2018
M 2017
2016
2015
2014
2013
2012
2011
2010
M 2009
2008
Average [2008-2022]

62.30
19.10
6.90

14.33
18.675
15.625 X
12125 %
21.80
21.05
29.35
25.15
24.10
12.20
11.40
24.05

24.2547 60

Jan-08 Jan-15 Jan-22 Jan-29 Feb-05 Feb-12 Feb-19 Feb-26 Mar-04 Mar-11 Mar-18 Mar-25




3. EU CBAM & Tif-for-tat with the US

EU vs Asian Countries

EU CBAM Proposal Versions

Proposal Covered Sectors | Implementation Phase-out of Exemptions Export
Version Timeline ETS Free of Import Rebate
Allowances Fees
Commission Cement, iron, Data reporting To be phased Credit Not included
Proposal steel, aluminum, | system in place by out entirely by | available if a
(July 2021) fertilizer, 2023, import fees 2035 direct carbon
electricity starting to be price (a
collected by 2026 carbon tax or
emissions
trading
allowances)
is paid in the
home
country
Rapporteur’s | Cement, iron, Data reporting To be phased Same as the Not included
Suggested steel, aluminum, | system in place by out entirely by | Commission
Amendments | fertilizer, 2023, import fees 2028 proposal
(December electricity, starting to be
2021) organic collected by 2025
chemicals,
Provisional Data reporting Starting to be Same as the Not included
Agreement , | system in place by phased out in Commission
(December October 2023, full 2026 and proposal
2022) CBAM to be phased | eliminated by

in gradually starting
from 2026

2034

Europe cannot afiord to engage in it-for-tat with the UIS

We should not allow our response fo the Inflation Reduction Act fo threaten functioning

markets and fair compefition

DR2 CONSULTANTS

your key to Europe

Green Deal
Industrial Plan

KEY TAKEAWAYS —>

O/= |RAO] CH
23517 2t

clean tech &
OF xH
O




3. 5= reopening 47| 3|57

Fig. 2: Net increase in China"s household saving deposits

o AZIE XN 37| =xf Sago E FH ¢ =S ten
20 A

- HE AT o3 o -

= AH|OEY 3|=: A2 3 HAH 2 =7 2 2= o

- Z30| 27} M= of2+2{A|0t2] ZH O X 2

-4 - 10

= O =2 Fof 0|72 48t 3= HiAMt FEEdE o

= I—leo:|Ez| x—||o|- x} O% é!§|' 6 -

- SYH 200 QTS HIYOR L4 TN ofH -

. O|—|:| 7| 1,0007f O LAk 50-1008HH XM& & P s s s eSS s a8
Chinese Tourists Aren't Flying Out So Soon China's Economy Is Expected to Rebound in 2023
Outbound flights from China in Q1 are way below pre-Covid levels After slowing to an estimated 3% last year
M Flights /Z GDP growth y/y Consensus forecast

150.0K 15%

2019 2020 2021 2022 2023 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020



3. 2{A|Ol(energy slave)

o Of|1X] HE mo= M
« S20| Z{A|O} K, MAHTIA sanction &1t
« ol BE 3, M=Z2 EH= A 0F
« 28E 250] 801 H2a Q=T MY 49
« HATIAE D27 INGE HOf: 5=, Ql=, ZYO0LA|O}
- 32 0lzof 2L mo|matol 1%
= New energy slave of China and India

Russia's Lifeline
India's imports of Russian crude soar to new heights in January

B Due M Discharged

1.5 million barrels a day

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
2022 2023

A widening spread
Russian oil prices now trade at a steep discount following the invasion of Ukraine.
(Brent-Urals ol price spread)

e Brent dated, London close, midpoint, US$/barrel, FOB

s |Jrals NWE CIF, Rotterdam dated; London close, midpoint, USS/barrel, CIF

180
Invasion,
Feb. 24

150

120

90

60

30

0
Sep. 2021

Nov. 2021 Feb. 2022 May. 2022 Aug. 2022

Source: Argus Media (latest observation: October 17, 2022).

Note: CIF = cost, insurance, and freight; FOB = free on board; NWE = northwest Europe. 38
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Benefit > Cost
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Demand Impacts
Investment
Consumption
Trade

RS AlEH HIE
(M=, =4, AS4ED|H

A —

JIE'; EI_I?_ll$-x|') II__.I_DI‘%}EJQ Climate . Mlllgatlon

Ch Prices and wages and
i Adaptation

HAIEAH
SEM(HIE 2 Sugply Impacts
esources
Labour
Capital
Technology

2F 22])

ErA

| -

A 2|0 Fxjjeto] Wrhigh 1A 12|

ZA: European Central Bank(2020)
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® Diversification of Electricity Mix

BE ™MLl2 Pros & Cons
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4. Clean Firm Power

0|= Z2| ZL|O} “Clean Firm Power” ¥t
Model

mGenX murbs mRESOLVE

Cases with
Clean Firm Capacity 150

14 —

Current California IOU Generation & Transmission Rates (9.1 cents/kWh)

cents/kWh

Gas/CCS Nuclear Fuels  CCS+Nuclear CCS+Fuels All Renewables

Z=XH: Issues in Science and Technology, 21.03.24. “Clean Firm Power is the Key to California’s Carbon-Free Energy Future”

o O|= ZHEB|=ZL|O} carbon-free MH3Z &2 A

a

Princeton, Stanford, Energy and Environmental
Economics(E3) Z+7| %I
Clean Firm Power: &1 M| =X| 2ot OtF

S5E O o
BE EA WY YA

=
=

o

Al

Gas with CCS, Nulcear, Fuels, CCS+Nuclear,
CCS+Fuels
A2 EfyED

o
= =/t

These results can help decision
makers planning a decarbonized

grid, not just in California but in

other parts of the world as well
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4. CCUS(Carbon Capture Utilization and Storage)
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= L0l dimension2 2 H: QlZmet S HRAH Xt A, X 28X EHA Heo 2|A3 22|

...........................................................................................

Infrastructure dimension
""phaséout """""""
VERY LONG-TERM _ i
(up to decades) d i . : .
frapora Scarcrtyofback-J
LONG-TERM : WP Sopeciiy.s: *
(up to years) :
MID-TERM  : Cyber attack to : Unplanned :
(upto days/weeks) control centre,.. reverse ower
""""""""""" Shormrcuns,"'““'"“““““ *p
5 lanned outages *5 flows;
SHORT-TERM Lo a“:" ges, =
(upto seconds/mms) : L

...........................................................................................

ZX: EU Commission, Electricity Security

In the infrastructure dimension, electricity security is
assessed in terms of the power system (i.e. the electricity
value chain) capability to supply end users with minimum
service standards/criteria.

In the source dimension, electricity security is assessed in
terms of the energy system capability to ensure the
accessibility, in the various timeframes, to primary sources to
be converted in the power plants to meet the required total
demand of electricity.

In the regulation and market dimension, electricity security
is assessed in terms of the power system and market
capability to adequately fulfil their electricity delivery mission
with a set of laws, rules, market arrangements and price
schemes.

In the geopolitical dimension, electricity security is assessed
in terms of the energy/power system capability to assure the
availability of primary sources and/or cross-border electricity
exchanges in case of economic or geopolitical
constraints/stresses (e.g. unilateral primary energy cut by
international players outside the considered region).
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F: 2019 7=
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100%

A
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EA

W Philippines
Saudi Arabia

 Russia

N ran
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W Japan
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u Argentina
Malaysia
Estonia

di =237t Ol WS s 28
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3200 2400
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35
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30 2400 300

25 1600 200
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15
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B Production (operating) Production (under construction) === Primary demand in the SD5
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